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FOREWORD This Tndian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Management and Productivity Sectional Committee, had been approved by the Management and Systems Division Council. With ever increasing investments both by industry and Government together with complications of the continuous explosion in technology, considerable inflation in cost of materials, labour, energy, etc and the changing international and national environments, decisions based ,on initial costs have often proved to be counter-productive and uneconomical. In particular, where public money is involved, it becomes necessary to ensure the maximum benefits out of every investment. In this situation, a systematic methodology for assessing the total cost of an asset or proposed investment over its entire operating life, particularly to equate various choices open to the decision making authority, becomes essential. Life cycle costing is a method to arrive at such an economic equitable assessment of competing design alternatives. It takes into account every significant element of cost over the life of the asset and walks out its total cost and benefits over its-entire economic life. Economic life is decided in individual cases by the life cycle costing team in an organization taking into account their own experience, experience of others using same or similar equipment, comments of the suppliers, state of the technology, chances of obsolescence etc. It is alternatively possible to decide comparison of life cycle cost ( LCC ) only on 5, 10 or 15 years which management considers adequate for comparison purposes, even though the asset may have economic use value far beyond that date. In other words, they have the option to maintain life as fixed for all the alternatives and then calculate the LCC of each alternative for that life. The calculation of the life cycle cost for the life of an asset exceeding 20 years will be faced with the inevitable uncertainties regarding the actual life of the asset, its sub-assemblies and also the inevitable changes in costs and prices of maintenance, operation, labour and many other inputs. lhe risks and uncertainties in these factors can be reduced however by simulation exercises and sensitivity studies Such procedures are encouraged while using this standard not only for arriving at using a computer. the LCC but also for the value indices and a comparison thereof before final decisions are made. This standard does not include methods for measuring the performance for different design choices, equipments or options for investment. If comparison of performance vis-a-vis total life cycle costs, that is, the value index is sought to be arrived at, this standard will help to calculate the denominator only. It is advised that users ~of this standard should use their own methods for assessing the performance.
Where levels of performance

Given equal levels of performance, the LCC comparison will itself enable the decisions b&g made. vary, the LCC techniques will be able to relate the total life cycle costs to identifiable units of performance in such a way as to enable optimum decisions. Even after a decision is taken at the initial investment stage or design, several options still exist for use during the initial years or early stages of the asset's life. It is possible to review the various perfor_ mance or cost parameters vis-a-vis many and frequent changes in technology, input costs and prices etc, and re-evaluate the value index for the old as well as new options that have become available. In such a case, the usage of this standard together with a value index estimation and comparison will still enable new, perhaps radical decisions being made even if it may mean discontinuing part or whole of such assets and replacing them by a new technology altogether. While this may be an extreme p~ssl_ bility, it is by no means rare. Many useful~good value medmm-level changes in operation and mainte_ nance will be found attractive by utilizing the methods set out in this standard. In reporting the results of a test or analysis made in accordance with this standard, if the final value observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 `Rules f& rounding off numerical values ( revisrd )`.
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Indian Standard

LIFECYCLECOSTING
PART 2 METHODOLOGY 1 SCOPE This standard prescribes the methodology to work out the life cycle cost (LCC) for each alternative and also methods to compare the life cycle costs for different alternatives. The two methods described in this standard to calculate LCC are Present Worth Method (PW) and Annualised Cost Method (AC). 2 REFERENCES The following this standard: IS No. 13174 (Part 1) : 1991 3 TERMINOLOGY For the purpose of this standard, the definitions in IS 13174 (Part 1) : 1991 shall apply. 4 APPLICATION METHODOLOGY given Indian Standard is necessary adjunct to Title Life cycle costing minology : Part 1 TerAlternutive I - Continue the existing open hearth steel making process without any change. Alternative II - Buy the LD process of making steel with having a converter capacity of 70 tonries per heat. Afternative III - Buy a latest version of the LD process using a converter of 155 tonnes per heat. Alternative IV - Buy a larger open hearth plant available second-hand at a lower initial cost and replace it with a new LD process in the fifth year when adequate funds will be available. For illustrative purposes, it is assumed that the full capacity in each of the above cases will be available in the very first year itself. 51.1 The known data in respect of these four *Itematives is given in Table 1. 5.2 Present Worth Method

4.1 The two methods, both equally applicable: may be followed for calculating life cycle cost. One method, known as Present Worth (PW) method, converts all the costs to the present values. The other method, known as Annualised Cost (AC) method, ammortises all costs over the life of the item or project. Both the methods are arithmetically identical. Which method to choose will depend upon the psychology of management in their response to the projected need for funds and the objectives of the LCC team to win management approval to its reconlalendatiol. If management are less keen on future actual cost, the PW method should be preferred. The present worth method will also recommend itself where the rate of obsolescence is very high within a short period (say 5 to 10 year). Where there is no major difficulty in finding the funds for initial investment, the attractiveness of future savings in the form of antlual costs may prove the AC method to be advantageous. 4.2 The calculation of life cycle cost by both the methods is illustrated with the help of examples. 5 EXAMPLE FROM STEEL INDIJSTRY

Table 2 gives the life cycle cost for each of the four alternatives by Present Worth (PW) method.This table has been obtained from Table 1 by using the following steps. 5.2.1 Block I of Table 2 shows the total initial cost, which is the same as given in Table 1. This total initial cost is usually incurred within a time span of few months to few years. 5.2.2 a) Block II consists of various single sub-blocks of expenditure, such as, major maintenance schedule at foreseeable periods, for example, 5, lo,15 and 20 years. Since these involve expenditure at different periods of time, they have to be multiplied by Present Worth Factors (pwf) for converting these values to present worth. For selected values of discount rate (i) and number of years (t), the values of pwf a re given in Annex A. For other combination of discount rate and number of years, pwf may be calculated by using the following expression: PW Fuctor (pwf) = (1 + 0.01 x i)- * where i = discount rate per annum, and t = number of years. For example, for i = 12% and t = 5, 10, 1.5 and 20 years, PW factors are 0.567 4, a.322 0, 0.182 7 and 0.103 7 respectively (see Annex A).

5.1 A steel company is having four alternatives for producing steel. The company is interested in selecting the alternative which will give the minimum life cycle cost per tonne of production. The four alternatives are as foIIows: 1

IS 13174 ( Part 2 ) : 1994 Table 1 Data for Steel Industry (Clnrtse 5.1.1 )
Zl No.
1. 2. 3. 4. 5. 6. 7.

Item

Alternative
I

Alternative
II

Alternative
III

Alternative
IV

Total initial cost (in million rupees) Production capacity (Average million tonnes per year) Operating and maintenance cost per year (in million rupees) Expected salvage value at the end of the 20th year (in million rupees) Economic life Recurring annual expenses for years 1 to 4 ( in million rupees) Single expenditure due to capital repairs at theendof ' - 5th year - 10th year - 15th year

367.0 0.28 1 041.0 36.7 20 years

1 887.0 1.23 4 023.0 188.7 20 years

8 434.0 1.383 3 213.0 421.7 ?,O_years

885.0 2.25 5 625.0 674.3 20 years 840.0

140.0 20.0 30.0 5% per year 12%

700.0 100.0 150.0 5% per year 12%

-Nil Nil Nil 5% per year 12%

14 100.0 Nil Nil 5% per year 12%

8. 9.

Rate of escalation for maintenance and operating costs Discount Rate

b) There can be recurring annual expenses but not for the whole life under study (for example, years 1 to 4). In Table 1, for alternative IV, it is mentioned that an `expenditure of Rs 840 millions is estimated to be incurred every year for the first four years. Therefore, this expenditure for each year has to be reduced to present worth by multiplying respective pwf ( for years 1,2,3 and 4 ) with Rs 840 millions and then~adding. Alternatively one can use Uniform Present Worth Factors (upwf) given in Annex B. For example, from Annex B, the value of upwf for discount rate (I) = 12% and number of years (2) = 4 years is given as 3.037 3. Therefore, the total present worth would be Rs 840 millions X 3.037 3 = Rs 2 551 millions. It is shown inTable 2 for alternative IV. For other combinations of i and I, the values of upwf may be obtained from the following expression: upwf= where 1 h = ( 1 + 0.01 x i) c) The realization of salvage/disposal at the end of the life of the asset (see Table 1) will also have to be reduced to its present worth by multiplying the amount with the corresponding factor given in Annex A. This value has been shown in bracket, indicating that this value has to be 2 b(l -b') (1-b)

subtracted. d) Add all the present worth values in Block II to get total. 5.2.3 Block III indicates the annual costs of maintenance, operation, energy, labourlstaffing and consumables. This annual cost is to be~multiplied~by upwf (see Annex B) to get their equivalent present worth. For example, for in= 12% and t = 20 years, upwf = 7.469 4. 5.2.4 The values of Blocks I, II and III are added to arrive at the life cycle cost~(see Block IV). 5.2.5 Block V gives the production capacity for each of the alternatives and is taken from Table 1. 5.2.6 Block *VI shows life cycle cost per tonne of production. This is obtained as the ratio of the life cycle cost (Block IV) to the production capacity (Block V). 5.2.7 Block VII gives the difference of the LCC per tonne of production for the alternative from the minimum. 5.3 Annualised Cost Method

5.3.1 In this method, all items of expenditure will be annualised orspread over the life of the assel uniformly. Whenever annual items of expenditure are known to bc uniform over the entire life, these will require no alterations and can be written as such. The initial cost, the single items of major individual expenses and the actual recurring expenses which are not uniform throughout the life, will all have to be fist discounted to-present

IS L3174 ( Part 2 ) : 1994 Table 2 Life Cycle Cost (In Million Rupees) -Present (Clausrs 5.2 aid 5.2.1)
-r BIIX
l-

Worth Method

Item

Alb
Estima ted
Cost

lative I Present Worth

L

ve 11

lL

-r
Alterna Intimated
CO9

`e III Present Worth

Ah-m
Ltimated
Cost

u? IV

Estimated

-

Cost

Present Worth

?resent Worth

1 II

%itial rotal initial cost Salvage and single :xpenditure : Year 1 to 4,84O/yr x upwf (3.037 3) Year 5, Amt x pwf (for example 140 x 0.567 4) Year 10, Amt x wf (for example r: x 0.322 0) -0 Year 15, Amt x pwf (for example 30 x 0.182 7) Year 20, Amt x pwf (for example 36.7 x 0.103 7) Total

367.0

367.0

1 887.0

1 887.0

8 434.0

8 434.0

885.0

S85.0

840.0 140.0 79.4 700.0 397.2 4 loo.0

! 551.0 3 000.3

20.0

6.4

100.0

32.2

30.0

5.5

150.0

27.4

(36.7)

(3.8)

(188.7)

(19.6)

(421.7)

(43.7)

(674.3)

(69.9)

87.5 1 041.0 7 775.6 4 023.0

437.2 30 049.4 3 213.0

(43.7) 23 999.2 5 625 .o

10 481.4 42 015.4

III

Annual costs Annual operation and maintenance costs, Amouni x upwf (for example 1 041 x 7.469 4)

IV V VI VII -

Life cycle cost Production Cost/Tonne production Difference cost/tonne Minimum Con&&n: capacity 01 in front

8 230.1 0.u 3 29 393.0 5 973.0

32 373.6 1.33 26 320.0 2 900.0

32 389.5 1.38 23 420.0 0

53 381.0 2.25 23 725.0 305.0

Alternative III is more cost advantageous.

L

* NOTE - The initial cost has been assumed, for illustration purposes, as having spent in the first year, in actual prac.tice, this may be spread over several years. In vjhich case the expenditure in each year will have to be discounted suitably.

worth values by using the applicable PW factors (see Annex A). Thereafter, all the present worth values v&l be tatalled and annualised over the entire life to arrive at the comparative annualised cost of the different alternatives. Table 3 gives the life cycle cost, for each of the four alternatives using annualised cost method. This table has been obtained from Table 1 by using the following steps: a) Blocks I and II of Table 3 are obtained in the same way as for the present worth method (see 5.2.1 and 52.2). b) Block III (a) and III (b) show the total initial cost and salvage and single expenditure cost annualised over the entrie life by using the appropriate atninortisation factors (AF). Ammortisation factors are obtained as reciprocals of upwf given in Annex B. For 3

example,for life of 20 years at 12% discount rate,upwf = 7.469 4. Therefore, AF = l/upwf = 0.133 9. Block III (c) shows the annual cost of operation and maintenance which is taken from Table 1 and would remain same for a?1 fh`e 20 years of life for all the 4 alternatives. These figures require no change. Block IV shows the total annualised cost and is obtained by adding the values for Blocks III (a), III (b) and III (c). Block V gibes the production rapacity for each of the alternatives and~is taken from Table 1. Block VI shows the annualised`cost per tonne of production and is obtained by dividing the total annualised cost (Block IV) by production'. capacity (Block V). (I

IS 13174 ( Part 2 ) : 1994 Table 3 Life Cycle Cost (In Million Rupees) (Close 5.3 )
II
Present Worth

Anuualised

Cost Method

I
(`OS1

Alternative E ktimatcd

I

r

Ntemative
Estimated Cost

r

Alternative
Estimated Cost

III
Present Worth

r

Alternative
Stnated Cost

IV

Present Worth

Present Worth

I

`Initial I&al initial cosl 3~67.0 367.0 I 887.0 1 887.0 8 434.0 8 434.0 885.0 885.0

II

Salvage and Single Expenditure Year 1 to 4,840 x upwf (3.037 3) Ykr 5. Amt X pwf (for example 140 x (1.567 4) Year IO, am1 x pwf (for example 20 x 0.322 0) Year 15, Amt x pwf (for example 30 x 0.182 7)

~
140.0 79.4 700.0 397.2

840.0 14 loo.0

2 551.0 6 ooo.3

20.0

6.4

100.0

32.2

30.0

5.5

150.0

27.4

Yc;w _!(I. .`\I111 x pwt'(for lwmplr
36.7 x It13

(36.7)

(3.8)

(188.7)

(19.6)

(421.7)

(43.7)

(674.3)

(69.9)

)
Total 87.5 437.2 (43.7) 10 481.4

III

Annual Owning and 0perating Gets :

a) Initial

capital cost x AF (for example 367 x 0.133 9)

49.1

2.52.7

1 129.3

118.5

b) Total replacement costs x AF (for example 87.5 x 0. I33 9) c) Annual cost of operation and mainlenance IV V VI VII Total Cost Annual&d

11.7

58.5

(5.9)

1 403.5

1041.0

4 023.0

3 213.0

5 625.0

1 101.8 0.28 3 935.0 - 800.0

4 334.2 1.23 3 524.0 - 389.0

4 336.4 1.383 3 135.0 0

7 147.0 2.25 3 176.0 - 41.0

Production (`apacity Annual CostiTonne of Production Difference in Annual (`ostflonne from Minimum Present Worth of Annual Difference (Difference x 7.469 4)

VII

5 975.0

2 905.0

0

306.0

Gwclrrsio~r : Alternative III is more cost advantageous. * NOTE - The initial cost has been assumed, for illustration purposes, as having spent in the first year, in actual practice, this may be spread over several years. In which case the expenditure in each year will have to be discounted suitably.

g) Block VII gives the difference between the annualised cost per tonne of production for the alternative fro111 the minimum. 5.3.2 While the figures in Block VII may themselves be used to make a decisibn on the choice of alternatives

for implementation, it is also possible to highlight this annual saving to the decision making authority by showing what would be the impact of this recurring annual -cost benefit in the ~form of their present worth. This may simply be obtained by multiplying the figures in Block VII by upwf given in Annex B (See Block 4

IS 13174 ( Pm-t 2 ) : 1994 VIII). It may IX noted that the differcncr iu the life cycle cost for the various alternatives will be equal to the figures worked out with present worth method (see Table 2). The difference in these values, if auy, will be due to the rounding off errors. 5.4 PW Method with Inflation/Deflation 5.4.1 The Present Worth Method and Annualised Cost Method discussed in 5.2 and 5.3 for calculation of life cycle cost, assumed no inflation in 20 years period. But, it is also possible to calculate the life cycle cost by taking into consideration the inflation. For example, Table I provides for esralaTion factor for `Maintenance and Operating Costs' @ 5% per year. The effect of inflation on LCC calculations will be to increase the present worth of future expenditure. The expression for pwf and upwf in such cases, by taking into consideration both the discount rate ( i ) and escalation rate ( r ) for a given time period (t ), my be obtained as follows: II iu Table 4 will bc obtained in the same way as given in 5.2.1 and 5.2.2 (see Blocks I nnd II of T&bk 2). AS 5 percent inflation in `Maintenance and Operating Costs' is being assumed, this 5 percent inflntion will have to be considered in addition to the 12 percent discount rate and accordingly, the upwf has to be calculated from the expression given in 5.4.1. The value ofupwf conies out to be 10.87 and accordingly the prencnl worth for `Maintrnance and Operating Costs'for each alternative is shown in Block III. It may be noted that the present worth with inflation (as given in Table 4) is much higher than in Table 2. Blocks IV to VII are obtained as given in 5.2.4 to 5.2.7.

b)

Cl

pwf = II' upwf = (l-b)
where (, = -_(1 t- 0.011-) (1 + O.Oli)

b (1 -

b')
This cxaruple illustrates the LCC evaluation ofcompeting Indian and international bids l'or supply of diesel electric loconiotives. The estimation of the initial cm& associated with the procurcn~ent of the locolnotive necessitates~the considerable work btarting from recognising the need for the additional asset, assessing of detailed technical requireiuenlx, preparation of specifications, consultations, global :endering, foreign credit planning, evaluation, contracling, inspection, pilyIllellts to supplier and final dt:livery/commissioning. The following assumptions are being made: for the additional a ) Need locon~otives established on and b) Study of requirements technical preparing SpKificatiouS c) Preparing global tenders and ensuring foreign exchange ifitnding d) Ma uufacturing lead tinic a ud drlivcry e) Due date for r,o!Ilmissioning D D + 3 months

For example, for i = lZ%, I' = 5% and I = 20 years, pwl = 0.275 1 and upwi = 10.87. The present worth of Rs 1 041 million spent every year (Alternative 1 of Table 1) would be 1 041 x 10.87 = RI; 11 315.67 million. It is also possible to allow for different rates 0T inflation for diffcrcnt time periods as well as for different items of future estimated expenditures, such as, fclr material, labour rates, cncrgy rates, etc. In such cases, the methodology would remain the mne except that the calculations would I~c coulplicatcd. 5.4.2 The Iil'c Cyc!c Cost for each of the offers had been caiculared wilh 1991 as the base, but if inflation has IO be allowed for, it would incrcasc the present worth. Infllation or dellation rates arc neither annual nor consislenl and therefore these must be applied for the appropriate perinds as per forecast. It may be noted that there are nther variables also which cannot be exactly predicted, such as: a) Maintenance opl5rittiOll cost year 10 year, b) Unscheduled breakdowns, c) Policy changes. and d) Extra IICOUS f;lctors.
ilnd

D + 5 months

D t 1.5 months

5.4.2.1 All these aspects I'all under the realm of forecasGng. There arc various statisticaliprobahilisticistochastic models which can be prepared for l`ilrecasling. Using rrgressiou iIll;llySiS, it is possil~le for an organization to make a reasonably good prediction and basing decisions purely on current information. 5.4.3 each (with Table Example - Table 4 gives the life cycle costs for of the 4 alternalives by Present Worth Method escalation). This table has been obtained from 1 by using the following steps:

D + 2 years _ 18 years 11 Economic life Cost estimates and other relevant data fbr each of the 4 alternative bids to supply diesel electric loconmtives is given in Table 5. 6.1 Present Worth Method Table 6 gives the lift cycle cost for each of the 4 alternatives by Prcscnt Worth (PW) method. This table has been obtained from Table 5 by using the following steps. 6.1.1 a ) Since the costs of studying concepts, feasibility study, etc (Rs 0.2 million) have been incurred in the first three months, they are assumed to be occurred on 01.01.1991 and therefore the same

`a) Since Table 1 provides escalation fo+ `Maintenancc and Operating Costs' only, Block I and

figures have been shown in Block I (a) of Table 6 without any change. The job of scrutinizing the offers received, finalisation of contracts, inspection etc, will take about a year and therefore these costs (Rs 0.3 million) have been converted to present worth by application of the PW Factor applicable for one year (see Annex A),that is, 0.3 x 0.909 1 = 0.272 7, which has been shown iu Block I (b). The cost of training personnel to operate the locomotives has similarly been calculated by applying the PW Factor 0.8 264 for the period of two years taken for training shown inBlock I (c). The purchase cost paid for the locomotives is deemed to have occurred just at the end of the two years and therefore they have been reduced lo PW by applying the PW factor 0.826 4 shown in Block I (d).

e) The total initial cost is obtained by adding all the figures in Blocks I (a), I (b), I (c) and I (d) as shown in Block I. 6.1.2 Block II (a) shows various sub-blocks of expenditure on major overhauls, repairs, ctc, at foreseeable periods. The period in years of occurrence of these expenditures is counted from 1 January 1991. Since these involve expenditure at different periods of time, the present worth of these expenditures at 10% discount rate have to be calculated by multiplying these expenditures with Present Worth Factors @wf) for applicable periods as given in Annex A. a) The realization of sale'of scrap at the end of the life of the asset (20 years) as shown in Table 5, will also have to be reduced to its present worth by multiplying the amount with the corresponding factorgiven in Annex A. This value has been shown in bracket, which indicates that it has to be subtracted. b) The total of single and salvage costs is given in Block II.
Worth Method (With Escalation) 5.4.3 )
II Present Worth 1887.0

`I`aMe 4 Life Cycle Cost (In Million Rupees) -Present
(
Chse

Item

l-

Alternative I Estimated Cost Present Worth 367.0

l-L

Alternative Estimated Cost 1 887.0

-I-

Alternative

111

l-

Alternative Cost

IV Worth 855.0

Estimated
CO9

Present Worth 8 434.0

Jsti matec 1 Present

*Initial Total initial cost Salvage & Single Expenditure Year 1 to 4. s4o/y1 x upwf (3.037 3) Year 5. Aml x pwf (for example 140
x 0.567 4) Year 10, Amt x

367.0

Y 434.0

840.0 140.0 79.4 700.0 397.2

2 551.0

20.0

6.4

100.0

32.2

pwf (Car example 20 x 0.321- 0)
Year 15. Am1 x

pwf(for

30.0

5.5

150.0

27.4

example 30 x 0.152 7) (36.7) (3.8) (188.7) (19.6) (421.7)

.

(43.7)

(674.3, 1

(69.9)

87.5 III
Annual opa~ionand

437.2

(43.7) 34 925.3

10481.4

1 041.0

11 315.67

4 023.0

I

5 625.0

ill 143.7'

IV V VI VII -

maintenance cost?; Amount x upwf (for example 1041 x 10.87) Life (..ycle (`ost Production (`apacity C`ostflonne Production of

11 770.17 0.28 42 036.00 10 716.00

46 054.21 1.23 37 442.00

43 315.61 1.38:3 3 1 320.00 0 I -

72 5K115 2.25 ?12227.00 907.00

Difference in (.`ost / Tonne from Minim urn (:o~c/&w: Alternative

-

L

III is more cost advantageous.

* NOTE - The initial cost has been assumed, for illustration purposes. as having spent in the first year, in actual practice, this may he spread over savrral years. In which case Ihe rxpenditure in each year will have to be discounted suitably.

6

IS 13174 ( Part 2 ) : 1994 Table 5 Data for Diesel Electric Locomotive ( Clmse 6 )
SI NO. Item (Hitachi)
RS 1. Railways' cost feasibility etc of studying concept 0.2 0.3 4.5 0.6 12.6

(In Million Rupees)

Japan

Germany (Henschel)
RS 0.2 0.3 4.2 0.6 18.0 1.0 Yr 7 0.5 12 0.5 17 0.5

U.S.A. (General Motors Corpn.)
RS 0.2 0.3 6.5 0.9 20.5 1.14 Yr 7 10 14 18 20 0.3 0.7 0.7 0.5 _ (0.4) 10%

India (Diesel Locomotives Works)
Rs 0.2 0.3 3.7 0.25 16.0 0.89 Yr,, 5 8 11 14 17 20 0.4 il.-1 0.4 0.4 0.4 (0.4) 10%

1.1
7 _.

Cost of tendering inspection etc Purchase cost per loco Cost of lraining personnel Total costs of daily operation over the 18 years' working life (mainly~fuel/energy) Average annual cost Single expenditure of repairs/overhaul costs estimated major

3. 4. 4.1 5. 5.1 5.1 5.3 5.4 5.5 5.6 6.

.

0.1 Yr 6 0.8
9 II 1.1 1.4

_
Realisation by sale as scrap Discou0uIoterest rate

_

-

_

20 (0.4) 10%

20 (0.4) 10%

Based on quotations suitably checked/modified as per purchaser's assessment, where necessary. Item 5.6 estimated by purchase.

6.1.3 The average annual costs (given in 4.1 of Table 5) have been reduced to present worth by using the relevant uniform present worth factors (upwf) (given in Annex B) aud are showu in Block III. 6.1.4 Blocks I, II and III have been added algebraically to arrive at the LCC. The figures are shown in the Block IV. 6.2 Aonualised Cost Method

India -

and 3% for the remaining period. 5% per year for first 3 years, 3% thereafter for 6 years and 4Y0 thercafter for the remaining period. of LCC (see

6.3.2 The various steps in calculation Table 8) are as follows.. 6.3.2.1 Initial cost

Table 7 gives the life cycle cost for each of the 4 alternatives by annualised cost method. It is compiled ou the same lilies as Table 4. The method has already been illustrated in Table 1. The uuifom annual costs is worked out ou the basis of 01.01.1991 base instead of figures havingbcen reduced to PWon 01.01.1991 base as in Table 6. This `anlortization' is only a different method of the same cvaluatiou but will lead to identical results. This is illustrated in Table 7. . 6.3 Present Worth Method with Intlation 6.3.1 The inflation rates have been assumed as under: a) Auuual costs of maintenance and operation 5% per year for the first three years, 3% thereafter for six years and 4% thereafter for the entire remaining life of the asset. b) For single blocks of expenditure : Japan 1% per year for the first IO years and nil thereafter. Germany - 2% per year for the first five years and 1?h for the remaining period. U.S.A. 3% per year for the first seveu years, 2% Ihr the next eight years

Since 6.3.1 provides escalation for `Annual costs of maintenauce aud operation' and `Single blocks of expenditure'only, Block I in Table 8 for initial cost will be obtained in the same way as given ill 6.1.1 ( see Block I of Table 6 ). 6.3.2.2 Single expenditure Block II (a) would be calculated by taking the escalation rates as &ven in 6.3.1 for all the 4 countries separately. This escalation will be takeu in addition to the 10% discount rate and accordingly pwf has to be calculated from the expression given in 5.4.1. In the case of USA (in Table 8), for i = lo%, t = 18 and r = 3% per year for the first 7 years, 2% for the next 8 years and 3% for the remaining period, the pwf may be calculated as under : a) Since the rate of escalation is different for different years (with discount-ralc remaining the same that is lOYo), the total period of 18 years has to be divided accordingly, that is, 18 years = (First 7 years @ 3% escalation) and (Next 8 years (@2% escalation) and (Rcnlaining 3 years (cr!3% escalation)
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(Clause 6.1)
Block

Japal

-r
Present Worth __0.200 0 7 1

.z----ted Present Worth

-Ic 1fear 0 I

U.S.A. __
Es& Presen Worth

l- (

-

India
Present Worth

1
0.200 0.272 (I 7

irear I a) (`oncrept. feasibility, eh 1 b)Tendering lo deliver! (for example 0.3 x 0.000 1 j c) `l'raining skills (for example 0.6 X O.P26 4)

I fear *slim

iear -

--

:`OSl

cost
3.2

Esrinatea (.`ost 2.2

0.200 0.272

0.200 0
0.272 7

0.273

I

Cl.3

1

0.3

2

0.495

8

2

0.6

0.495

8

2

3.6

0.495

Y

2

0.6

0.495

8

2

2

4.2

3.471) 9

2

6.5

5.371

6

2

3.1

3.057

7

4.687 II a) Single Expenditure 6 9 11

3 7 0.5 0.5 0.5

4.439 0.256 0.159 0.0%

4 6 3 9 7 10 14 18 0.3 0.7 0.7 OS

6.340 0.154 0.269 0.184 0.09ll

1 0 9 3 0 5 x 11 14 17 0.4 0.4 0.4 0.4 0.4 (0.4)

4.026 0.248 0.186 0.140 0.105 0.079 :0.059

2 4 6 2 3 1 4)

0.45 1 6 fl.466 0.490 5 7

12
17

20

(

(n.059

4)

I

Xl

(0.4)

(0.059

4)

10

(0.4)

(O.OS9 4)

20

i.349 III b.056

4 4 I.11

0.455 8.652

4 0 .14

0.638 9.863

8 3 K.9

0.700 7.700

2 3

IV V L

12.093

1 0

i

-

I
-

16.842 4.749 -

2 1 -

12.426 0.333

7 6

= pwf (t =7yea rs, r=3%) X pwf (2 =%yeaIS, r = 2%) X pwf (t =3years, r =3%)

p\vr=(+qx(~~x(yq
=0.283 2 Since a siugle expenditure of 0.5 million will have to be incurred at the end of the 18th year, the prcscut worth of Rs 0.5 million would be 0.5 X 0.283 2 = 0.141 6 uiillion. b) Likewise, the remaining values for the other countries can be calculated i;l the same way. 6.3.2.3 Since there is no escalation on disposal cost, Block II (b) will bc calrulatcd in the same \vay as in Table 6. 6.3.2.4 Block II would be obtained by adding II (a)and 11 (b). 6.3.2.5 lu Block III, the timr lapse behveeu estab.lishiug the need for the machine and the date ol'conltuissioning of the machine is 2 years. In addition, the

economic life of the machine is given as 18 years. Hence, the entire annual cost of the machine would be calculated ou 20 years time period (see 6.3.1). The expression for pwf and upwf for a given discount rale (i), escalation rate (r) and period (t) is given in 5.4.1. For example, upwf (i = 10% r = 4%, t = 11 years) = em> l-t, = 8.447 7

where6=(1+0.04)/1.1 Therefore, upwf for uniform annual cost = upwf(11 yr at 4%) escalation) X pwf (6 yr at 3% escalation) X pwf (3 yr at 5% escalation) + upwf (6 yr at 3% escalation) X pwC (3 yr at 5% escalation) t upwf (3 yr at 5% escalation) x.447 7 x 0.674 0 x 0.869 7 + 5.122 9 x 0.869 7 t 2.866 6 = 12.273 8

=

6.3.2.6 Block IV could be calculated by adding Blocks 1, II and III.

IS 13174 ( Part 2 ) : 1994 Table 7 Auuualized Cost Method (Base Date 1 January (Chue
Block Stage in Life Cycle Year

1991)

6.1)

Japan
ISmated Cost 0.2 I 0.3 Present Worth Year

Germany
EsIinw -ted cost n.2 1 0.3 Present Worth Year

U.S.A.
Estimated Cost 0.2 1 Present Worth Year

hdia
Estimated (`ost 0.2 Present Worth

I

a) C'oncepr, feasibility h)Tenderingtodelivcry 0.909 1) (for example 0.3 x

etc

0.200 0.272

0 7

0.200

0

0.200 0.272

0 7

0.200 0.2727

0

,

0.2727

l 0.3

1

0.3

c) Training skills (for example 0.6 x 0.826 4) d) Purcbasc COSI~~LXO (for example45 x ONXj 4)

2

0.6

0.495

8

2

0.6

0.495

r;

2

Ct.6

0.495

8

2

0.6

0.495

d

1

4.5

3.718

s

2

4.1

3.470

9

2

6.5

5.371

6

2

3.7

3.057

7

Totnl britiul
II a) Single

(`ost

4.687 6 9 11 0.S 1.1 1.4 0.455 0.466 0.490

3 6 5 7 7 12 17 0.5 0.5 0.5

4.439 0.256 0.159 0.098

4 6 3 9 7 to 14 I8 0.3 0.7 0.7 0.5

6.340 0.154 0.269 0.1843 0.090

I
0 9 5 8 11 0 14 I7 0.4 (1.4 0.4 0.4 0.4 (0.4)

4.026 0.248 0.186 0.140 0.10s 0.079 (0.059

2 4 6 2 3 1 4)

Lxpenditure

_ b) Disposal cost 20 (0.4) (0.059 4) 20

_ (0.4) (0.059 4) 20 (0.4) (0.059 4)

20

I Toto/
III Annual owning opcrarring cost : and 1.349 4 0.455 4 0.638 x 0.700 2

a) TI(`*Al:

,117 S)

(4.687

3 *

OS.50 s

0.521

6

0.745

0

0.473

1

tJ) TR( `*AF ,117 5)

(1.344

4 *

0.1%

6

0.053

5

0.075

I

0.082

3

c) Annual (`051 of operation over the 18 years working lift d) Annualizrd cost from V IV cost

0.7(K) 0

I.lKKJ 0

1. I30

O.Y90 0

1.4Oo A

1.575

1

1 .Yhll 1 OS0 7

1.445 0.036

4

minimum cost 0 1.410 I 0.165 I 7 1 .-?___irisir_..__.

PW of the annual

0.306 1 _

(Diff.* 8.5 13 ill 6) annual Diffrercncc

1

6.4 It is assumed that all the 4 offers :

a ) will cater for the specified tonne-kilo-nletres identically, b) have identical wnrking lift (1X years), and c) are identical in other aspects as well, such as, ease of maintena rice, accessibility, indigenisability, export potential (after manufacturing the locomotives in India) etc. 6.4.1 There are extant nlethods to arrive at a numerical assesment of the total functional performance of any asset, considering the factors stated above or similar 9

ones. They are appropriate in varying degrees to differcnt types of assets such as buildings, bridges, hydraulic works, machinery, industrial projects etr, but none of them is or can bc totally accurate, even as no forecasting of inflation can be accurate. Nevertheless, such important factors cau be quantified in numerical terms to the possible extent, f'nr example annual average Gross Tonne Kilo Metre (GTKM) expected to be hauled by the locomotives, namely Jnl,ane,Yse oflcr 16 h x 40 km x 300 days x 1500 1

IS 13174 ( Part 2 ) : 1994 Table 8 Present Worth Method With Escalation (C/mm 6.3.2)
Block stage in Lift Cycle

(Base Date 1 January 1991)

Japan Year Estimated Cost Present Worth

Germany
Year E-slimated Cost 0.2 1 0.3 Present Worth Year

U.S.A.
Estinated Cost 0.2 I 0.3 Present Worth Year

India
Estimated cost 0.2 I 0.3 Present Worth

I

a)(bncept, feasibility,etc b)Tendering to delivery (for example 0.3 x 0.9w 1) c) Training skills (for example 0.6 x 0.8'6 4) d) Purchase cosUL,oco (for example 4.5 x ll.S26 4) Ibfrrl Idin
Cost

0.2 1 0.3

0.200 0 0.272 7

0.200 0 0.272 7

0.100 0 0.272 7

0.200 0 0.272 7

2

0.6

0.495 8

2

0.6

0.495 8

2

0.6

0.4958

2

0.6

0.495 8

2

4.5

3.7188

L

4.2

3.4709

2

6.5

5.371 6

2

3.7

3.057 7

4.687 3 6 9 11 0.8 1.1 1.4 0.479 4 0.510 9 0.542 I 7 12 17 0.5 0.5 0.5

4.439 4 0.289 0 0.188 6 0.123 0 7 10 14 18 0.3 0.7 0.7 0.S

6.340 1 0.189 3 0.352 2 0.260 4 0.1416 s 8 0.4 0.4 0.4 0.4 0.4 (0.4)

4.026 2 0.305 0 0.250 4 0.209 6 0.177 1 0.149 7 (0.059 4)

II

a) Single Expenditure

11
14 17

_ _
(0.4) (0.059 4)

_
b) Disposal cost 20

20

(0.4)

(0.059 4)

20

(0.4)

(O.OS9 4)

`0

Total III iJniform annual costs (for example 0.7 x 12.273 8) Life cycle cost Difference in from minimum L(.`( 0.7

1.473 0 8.591 7

OS-11 2

0.884 1.14

1
8.9

1.032 4 10.923 7

1.o

12.273 8

13.992 1

IV V

14.752 0

17.254 4 2.502 4

`1.216

3

15.982 3 1.230 3

'

rl

6.464 3

14 h x 46 km x 300 days x 1 000 1 US 017;>r I .Th x 40 km x 270 days x 2 000 1
Inditrtt ofit 10 h x 30
km x

The following example depicts Ihc selection of type of doors oul of three alternatives for residential buildings say, 40 tenements of 75tu' plinth area each. Alternntive I 1st

class teak wood frame and shutters.

2.50 dr7 ys x 1 000 / INDUSTRY

AIternotive2 - 1st class deodar wood frame and shutters. Alternutive.3 - Steel door frame withshullets ofsecodary species of timber and plywood paneling. The cost data information in respect of these alternatives are given in Table 9. The Econon~ical Lift of three alternatives is given in the table. But the Life Cycle Costing has been worked for a life span of 20 years, a period for which reasonable prediction could be made. Salvage/scrap value has been assumed based on the utility of the product at the end of 20 years. The single expenditure to be incurred at the end of 10 years pertains to the major repairs to ~bc effected Car 10

7 EXAMPLE

FROM BUILDING

In building industry, the conmm~ practice in India 01 Life Cycle Cost Analysis is to work out the life cycle cost of various alternatives of individual elements rather than working out LCC of building as a whole. This helps in selecting different combinations of alternatives from various elements. After having the LCC of different alternatives of all the elements, a cotubination consisting of one alternative from each eletuent may be selected to give the tninin~utu Life Cycle Cost for complete building.

IS 13174 ( Part 2 ) : 1~994 Table 9 Data for Building Industry (Clauses 7 md 7.1.1)
SI No.

Item

Nlcrnative I 800 COO 2 000 h 000 50

Alternative II 500 000 8 000 8 WO 30 60 000

Alternative III 350 000 12 000 8 000 LO 100 000 20 000 12% _I

1 2 3 4 5 6 7

Total initial cost (Rs) Repair cost (Annual) (Rs) Periodical maintenance Economical (Annual) (KS) (Years)

life of component

Single expenditure

at the end of 10 years (Rs) 300 000 12%

Salvage value afler 10 years (KS) Discount rate

40 000 12%

replacing worn out parts of the joinery. Periodical maintenance given in the table is rncant for doing the routine annual painting/polishing work to the joinery. These are average annual figures. The annual cost of repairs, as given in the table, have been computed with the help of data given in Annex C. The data given in this Annex, which is for illustrative purposes only, is applicable for northern part of the country. and is based on 1989-90 price level for a given type 01 construction. This cost information can be updated for price level at any future date with the help of maintenance cost indicts which can be worked out using weightage diagram given in Annex D. The procedure of computing the maintenance cost index as given in the Annex is self explanatory. 7.1 Present Worth Method 7.1.1 The LCC has been worked out using present worth method only and the iltilation in cost has not been considered for simplification purpose. Table 10 gives the Life Cycle Cost for each of the three alternatives. The computation has been based on the cost infornation/data given in Table 9 : a> Block 1 gives the initial cost of each of the allernatives. b> Block II consists of single expenditure to bc incurred after a period of 10 years. The present worth of each expenditure has been worked out using present worth factors (pwf) using expression as given in 5.2.2 with 12 percent discount rate. The present wor(h of salvage/scrap value has also been computed on the salue basis and is represented by bracketed figures which has to be subtracted. C) Block III indicates the costs of annual repairs and consumables and periodical maintenance as per SUI\I of iteul No. 2 and 3 of Table 9. The presenl worth has been computed using the uniform present worth factors (upwl] as given in 5.2.3. (9 Block IV gives the total life cycle cost derived from Blocks I, II and III.

8 PRIXAUTIONS

WHILE (:ALC:IJLATING LCC one must take into

While applying the LCC techniques account :

The price of services since these are likely to change over a period of lime; some consistency over short periods, such as, six months or one year shall be assumed to make the calculations worthwhile and realistic. What applies to expenses and costs in terms of the time value money will equally apply to earnings and profits during the operation and use ofthe assets. Corresponding tables must be prepared using this standard and the associated discount factor tables to arrive at such earnings/profits. Estimation of costs and earning must be made taking into account the past data which should be analyzed using statistical aids, simulation methods, and forecasting techniques so as to nla ke the LCC comparison as realistic as possiblc. For this purpose, LCC comparisons covering a lesser period of at the most five years, would be more reliable than for 15 years, that is the longer the period the less the accuracy. Computer system can be developed to review the position from time to time. It is advisable Cormanagement to review the positions annually and review their decisions, if not in initial investment at least in operation/maintenancc/replarellielit or extensive modifications subsequently. Such reviews nlay also influence the economic life. An important assumption nmdc so far is that all the alternatives will provide equal quality/performance/productivity over the assumed 20 years life cycle. In filet, in many cases, none of these aspects will be exactly equal. In such a case, the life cycle costs will have to be calculated on parametric basis, that is unit rate basis. The existing methods of business acumcn/intuition/probability calculations will have to be 11
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(Cluusc 7.1.1)

a) Expenditure after 10 years Amt x pwf = (Am x 0.32 0) h) Salvage afkt. X years AllI x pwf = (that is 30(1 000 x 0.103 7) T01Ni III AnnuN cost (Kepair and Maintenance) Am t x upwf (S 000 X 7.469 4) IV I,ifc (`yclr (`ost 111is more cost advantageous. Periodic:ll s 000 54,755 16 000 114 510 20 O(K) 149 388

(31 110)

15 172

30 126

8'8645

634 682

529 514

~`omAc.siort : Alternative

`kNCXR - `Ihe initial cost has been assumed, for illustration purposes, as having spent in the first year, in actual p&cc, this my he spread over several years. In which cnse the expenditure in each year will have to be discounted suitably.

e)

resorted to with information from variety of Govemnent or private sources as applicable to arrive at the expected trends during the estimated life for each of the alternatives. Different discount rates have been chosen in this standard fnr illustrative purposes only. In actual application, the discount rate must be carefully chosen keeping in view the type and ualure of industry, the overall price indices in the country and the prevailing rates of cost of capital.

9.1 Priulc facie, the alternative

which is the least in Life Cycles Cost for c<luA life period/performance rating will autonlaticaily be selected.

9.2 However, some of the alternatives may have life cycle costs close to each other and the difference may not be significant. In such cases, the decision maker has the option of choosing an alternative which may be nlarginally superior in respect of certain factors, such as,acressibility, less retrainingofworkers, no necessity for import etc. It inay be noted that the word `marginal' is important as otherwise the original estimation was that LCC have been calculated for equal level of performance or on parametric basis. This will be vitiated if the total performance ratings are substantially different for the various alternatives. 9.3 Thu decision mkcr may also look for iniaginative or scientific wavs tij inll,rove the LCC. In fact. a 1 scrutiny of the life cycle cost comparison may motivate the generation of a large number of ideas in order to maximize the performance/reduce cost or achieve both.

12
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ANNEX C ( Clulm?7 )
MAINTENANCE COST OF VARIOUS SPECIFICATIONS (Cost in Rupees Per Year) Base. Year 1989-90
ElementslSyecijkations (1) Unit (2) Cost

ofMcrintenance (Annual)
(3)

1. Plastering: (i) Cement Plaster in CM 1 : 6, 15 mm thick (ii) Lime SURKHI Plaster in LS 1 : 2, 15 mm thick

m2 of Plaster 0.32 0.26

2. Flooring: (i) Indian Patent Stone Flooring 40 mm thick (ii) Marble Chips Flooring 40 mm thick

m2 of Floor 1.15 0.33

3. Roof Terracing: (i) 10 cm thick Mud PHUSK4 with Brick Tiles on

m2 of Terrace 1.18 0.80 1.15

TOP (ii) 10 cm thick Lime Concrete Terrace with Brick Tiles on Top (iii) 10 cm Thick Lime Concrete Terrace

4. Joinery: Teak Wood Frame and 40 mm thick Teak Panelled Shutter (ii) Teak Wood Frame and 40 mm thick Decorative Type Flush Shutters (iii) Sal Wood Frame and 40 mm thick NonDecorative Type Flush Shutters (iv) Deodar Wood Frames and 40 mm thick Deodar Panelled Shutters M.S. Iron Frame and 35 mm thick Deodar (v) Shutters with Ply Panels

111' of Opening 2.85 2.10 9.70 8.45 9.15

(9

5. Storage Tank - 270 litres Capacity: (i) M.S. Sheet Tank (ii) (iii) R.C.C. Tank A.C. Tank

Each
42.0 36.0 28.0

6. Door and Window Fittings: (i)
(ii) (iii)

m2 of Shutter
0.50 0.95 0.75

Brass Fittings
MS Fitting Aluminiu~~~ Fittings

15
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ANNEXD (Cluc4se 7 )
WEIGHTAGE DIAGRAM FOR COMPUTATION OF MAINTENANCE COST INDEX FOR BUILDING

Material and Lnbour

uni;

Rate 1989

Weigh

Mlrintenmce Cost Indq 1991
RiIte. Modified Weight 7.x 3.3 16.1 4.4 14.3 2.7 57.2 40.0 146.3

Cement Sand Ti illher Glass Bib/Stop Cock WC Seat Skilled Labour Unskilled Labour

Tonne ,n3
1113 12 Ed Each

928.43 75.24 9 696.60 73.50 27.00 110.00 33.20 21.60

4.5 2.5 13.0 4.0 11.0 2.0 38.0 25.0 100.0

1 600.00 100.00 12 000.00 80.00 35.00 150.00 50.00 35.00

Man day Man day

Maintenance

Cost Index iti 1991 with respect IO basic year 1989 = 146.3

10
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